Aims/hypothesis Insulin action is purportedly modulated by Drosophila tribbles homologue 3 (TRIB3), which in vitro prevents thymoma viral proto-oncogene (AKT) and peroxisome proliferator-activated receptor-γ (PPAR-γ) activation. However, the physiological impact of TRIB3 action in vivo remains controversial. Methods We investigated the role of TRIB3 in rats treated with either a control or Trib3 antisense oligonucleotide (ASO). Tissue-specific insulin sensitivity was assessed in vivo using a euglycaemic-hyperinsulinaemic clamp. A separate group was treated with the PPAR-γ antagonist bisphenol-A-diglycidyl ether (BADGE) to assess the role of PPAR-γ in mediating the response to Trib3 ASO.
Introduction
Insulin signalling in muscle and liver share common pathways that converge on key kinases, such as serine/ threonine kinase AKT2. In liver, insulin-mediated AKT2 activation regulates hepatic glucose production by promoting glycogen synthesis and inhibiting gluconeogenesis [1] . AKT2 activation is an essential step for insulin-induced GLUT4 translocation in skeletal muscle, promoting glucose uptake [1] [2] [3] . In the pathogenesis of insulin resistance, accumulation of diacylglycerol in muscle and liver leads to activation of novel protein kinase Cs (θ and ε, respectively) that inhibit insulin signalling and impair activation of AKT2 [1, 4, 5] . However, cells also possess inherent mechanisms to negatively regulate insulin signalling. Recently, the Drosophila tribbles homologue 3 (TRIB3) was identified as a negative regulator of AKT activity in human embryonic kidney 293 cells and mouse liver [6] . Fasting induces hepatic TRIB3 production and TRIB3 is highly upregulated in diabetic db/db mice [7] . TRIB3 production is also increased in other experimental conditions associated with insulin resistance, such as highfructose feeding [8] or chronic ethanol consumption [9] . Insulin may also cause increased TRIB3 production, suggesting a possible pathway whereby hyperinsulinaemia could lead to impaired insulin signalling [10] .
TRIB3 has been implicated in insulin resistance in humans. Liu et al. reported that TRIB3 protein levels are significantly elevated in patients with type 2 diabetes mellitus [11] . In that cohort, higher levels of TRIB3 protein were associated with hyperglycaemia and reduced insulinstimulated whole-body glucose disposal, suggesting that TRIB3 content was closely associated with the development of insulin resistance [11] . Aside from changes in abundance, polymorphisms that affect the function of TRIB3 have also been implicated in the development of insulin resistance and type 2 diabetes mellitus in humans. Specifically, the Q84R missense polymorphism has been associated with worsening insulin resistance and dyslipidaemia [12, 13] . Prudente et al. found an association between this polymorphism and some features of the metabolic syndrome [12] . In a larger analysis, they also reported an association between the Q84R polymorphism and an increased risk of type 2 diabetes mellitus, especially among individuals who are 45 years of age or younger [14] . Andreozzi et al. suggested that this polymorphism may also lead to endothelial dysfunction [15] . Using human umbilical vein endothelial cells isolated from individuals who were either heterozygous or homozygous for the R84 (i.e. QR or RR) polymorphism, they demonstrated that the R84 polymorphism impaired insulin-mediated increases in endothelial nitric oxide synthase activity. This substitution of arginine for glutamine at position 84 is thought to enhance the ability of TRIB3 to impede AKT2 activation [12] possibly by enhancing the binding between TRIB3 and AKT2 [15] . Together, these studies suggest that increases in TRIB3 activity are closely associated with insulin resistance and type 2 diabetes mellitus, primarily via inhibition of AKT2 activation.
However, this conclusion is still controversial. Iynedjian reported that overproduction of TRIB3 in hepatocytes had no effect on insulin signalling [16] and Okamoto et al. reported that deletion of Trib3 in mice did not alter insulinstimulated glucose metabolism [17] . Moreover, TRIB3 has been implicated in the regulation of other proteins. In beta cells, TRIB3 may bind with activating transcription factor 4 (ATF4) to inhibit cAMP responsive element binding protein 1 (CREB1)-mediated production of proteins critical to exocytosis of insulin-containing granules (potentially accounting for the decrease in insulin secretion seen in humans with the Q84R polymorphism) [14, 18] . In adipocytes, TRIB3 has been reported to interact with peroxisome proliferatoractivated receptor-γ (PPAR-γ) in vitro. TRIB3 suppresses adipocyte differentiation by negatively regulating PPAR-γ transcriptional activity, while knockdown of TRIB3 in 3T3-L1 cells promotes adipocyte differentiation [19] .
Here, we sought to clarify the physiological role of TRIB3 and investigate its potential as a therapeutic target in a rat model of type 2 diabetes mellitus, using antisense oligonucleotides (ASOs) to specifically decrease Trib3 expression. Following treatment, changes in liver, muscle and adipose insulin action were assessed by euglycaemichyperinsulinaemic clamps in awake rats.
Methods
Animals All procedures were approved by the Institutional Animal Care and Use Committee of the Yale University School of Medicine. Male Sprague-Dawley rats (150 g) were received from Charles River Laboratories (Wilmington, MA, USA) and given 3 days to acclimatise. Rats were then given a 100 mg/kg dose of nicotinamide by i.p. injection and 15 min later received a 65 mg/kg dose of streptozotocin. Rats had a 4 day recovery period prior to the first ASO injection. Rats were housed individually on a 12 h light-dark cycle, with free access to food and water. Body weight and food consumption were monitored weekly. Animals were fed a high-fat diet (energy intake 26% carbohydrate, 59% fat, 15% protein), in which the major constituent was safflower oil. While on highfat diet, rats were treated with ASO (75 mg/kg per week, given twice weekly i.p.). This model has previously been shown to prevent the hyperinsulinaemia seen with high-fat feeding alone [20] and has also been associated with muscle and liver insulin resistance [21] .
Selection of rat Trib3 ASO To identify rat Trib3 ASOs, rapid-throughput screens were performed in vitro as previously described [22] . In brief, 80 ASOs were designed to the Trib3 mRNA sequence. Initial screens identified several potent and specific ASOs, all of which targeted a binding site within the coding region of Trib3 mRNA. After extensive dose-response characterisation, the most potent ASO from the screen was chosen. It was ISIS-391274, and had the following sequence: 5′-GTCCAGTCATCACA CAGGCA-3′. The control ASO, ISIS-141923, has the sequence 5′-CCTTCCCTGAAGGTTCCTCC-3′ and does not have perfect complementarity to any known gene in public databases. The first five bases and last five bases of chimeric ASOs have a 2′-O-(2-methoxy)-ethyl modification; the ASOs also have a phosphorothioate backbone. This chimeric design has been shown to provide increased nuclease resistance and mRNA affinity, while maintaining the robust RNase H terminating mechanism used by these types of ASOs [23] . These benefits result in an attractive in vivo pharmacological and toxicological profile for 2′-O-(2-methoxy)-ethyl chimeric ASOs [24] .
Co-administration of the PPAR-γ antagonist bisphenol-Adiglycidyl ether Rats had unrestricted access to a 27% (wt/wt) high-fat diet and were treated with Trib3 or control ASO as described above. For the last 8 days of ASO treatment, the PPAR-γ antagonist bisphenol-A-diglycidyl ether (BADGE) (Cayman Chemical, Ann Arbor, MI, USA) was subcutaneously injected once daily (1 mg/kg body weight) [25] .
Euglycaemic-hyperinsulinaemic clamp studies At 7 to 9 days prior to the euglycaemic-hyperinsulinaemic clamp, catheters were inserted into the right internal jugular vein extending to the right atrium and the left carotid artery extending into the aortic arch. Subsequently the rats were fasted overnight (from 18.00 hours) and on the following morning (06.00 hours) were infused with [6,6- 2 H]glucose (99% enriched, 6.1 nmol/kg prime, 0.5 nmol/kg) infusion to assess basal glucose turnover. After the basal period, the euglycaemic-hyperinsulinaemic clamp was conducted for 140 min with a primed/continuous infusion of insulin (400 mU/kg prime over 5 min, thereafter 4 mU/kg per min) and a variable infusion of 20% (wt./vol.) dextrose enriched with 2.5% [6, H]glucose to maintain euglycaemia. At 0 and 140 min additional blood was drawn to determine various blood proteins and metabolites. Upon completion of the clamp, rats were anaesthetised with pentobarbital sodium injection (150 mg/kg) and all tissues were extracted and frozen immediately using liquid N 2 -cooled aluminium tongs. Tissues were stored at −80°C for subsequent analysis.
Liver insulin signalling A separate group of rats that were treated exactly the same as the previous were used to investigate the effect of TRIB3 treatment on insulin signalling. These rats underwent a 20 min euglycaemichyperinsulinaemic clamp. Immediately after the clamp, rats were killed and the liver removed and subsequently frozen using liquid N 2 -cooled brass tongs. The activity of AKT was assessed by measuring the incorporation of 32 P into a synthetic AKT substrate as previously described [26] .
Biochemical analysis and calculations Plasma glucose was determined during the clamp using 10 μl plasma and the glucose oxidase method performed by an analyser (Beckman Glucose Analyzer II; Beckman Coulter, Brea, CA, USA). Plasma insulin, glucagon, leptin and adiponectin concentrations were determined using an assay system (Lincoplex; Linco Research, St Charles, MO, USA). For fast protein liquid chromatography (FPLC) analysis, samples from control ASO and Trib3 ASO were pooled, injected on to an AKTa FPLC (Amersham Pharmacia Biotech, Piscataway, NJ, USA) and eluted at a constant flow rate of 0.5 ml/min FPLC buffer (0.15 mol/l NaCl, 0.01 mol/l Na 2 HPO 4 , 0.1 mmol/l EDTA, pH 7.5). To determine the enrichment of plasma glucose, 30 μl of the designated samples were deproteinised in 150 μl 100% methanol. The samples were dried overnight and derivatised with 1:2 acetic anhydride:pyridine to produce the pentaacetate derivative of glucose. The atom percentage enrichment of [6, H]glucose was then measured by gas chromatographic/mass spectrometric analysis using a gas chromatograph (Hewlett-Packard 5890; GMI, Ramsey, MN, USA) interfaced to a mass-selective detector (HewlettPackard 5971A) operating in the electron ionisation mode [27] . The atom per cent excess of glucose M + 2 was determined from the m:z ratio 202:200.
Tissue lipid measurement The purification of diacylglycerol from liver was performed as previously described [28, 29] . After purification, fatty acyl-CoA fractions were dissolved in methanol:H 2 O (1:1, vol./vol.) and subjected to liquid chromatography-tandem mass spectrometry. A turbo ion spray source was interfaced with a tandem mass spectrometer (API 3000; Applied Biosystems, Carlsbad, CA, USA) in conjunction with two micro pumps and an autosampler (200 Series; PerkinElmer, Waltham, MA, USA). Total diacylglycerol content is expressed as the sum of individual species. Triacylglycerol was extracted using the method of Bligh and Dyer [29] and measured with a commercially available kit (DCL Triglyceride Reagent; Diagnostic Chemicals, Oxford, CT, USA).
Total RNA preparation and real-time quantitative RT-PCR analysis Total RNA was extracted from liver samples using a kit (RNeasy; Qiagen, Valencia, CA, USA). RNA was reverse-transcribed into cDNA with reverse transcriptase (StrataScript; Stratagene, Santa Clara, CA, USA). The abundance of transcripts was assessed by real-time PCR (7500 Fast Real-Time PCR System; Applied Biosystems) with SYBR Green detection system (Stratagene). For each run, samples were run in duplicate for the gene of interest and β-actin. The expression data for each gene of interest and β-actin were normalised for the efficiency of amplification, as determined by a standard curve included on each run [30] .
Immunoblots White adipose tissue, liver and muscle specimens were ground with a mortar and pestle, mixed with 1 ml of lysis buffer (50 mmol/l Tris-HCl buffer [pH 7.5 at 4°C], 50 mmol/l NaF, 5 mmol/l NaPPi, 1 mmol/l EDTA, 1 mmol/l EGTA, 1 mmol/l dithiothreitol, 1 mmol/l benzamidine, 1 mmol/l phenylmethanesulfonyl fluoride, glycerol [10% vol./vol.], Triton X-100 [1% vol./vol.], 1 μmol/l trichostatin A and 50 mmol/l nicotinamide) and homogenised for 30 s. Homogenates were spun at 20,800 g for 10 min at 4°C and protein concentrations were determined. SDS gel electrophoresis was performed using precast BisTris 4 to 12% gradient polyacrylamide gels in the Mops buffer system (Invitrogen, CA, USA). After transfer to nitrocellulose membranes, membranes were incubated in blocking buffer (5% [wt/vol.] milk) for 1 h and immunoblotted with TRIB3 (Santa Cruz, Heidelberg, Germany), β-actin (Santa Cruz), phospho-AKT (Cell Signaling Technology, MA, USA) and AKT (Cell Signaling Technology) antibodies. After incubation with the primary antibody, the membranes were washed three times for 15 min with Trisbuffered saline (10 mmol/l Tris-HCl [pH 7.4], 0.5 mol/l NaCl) plus Tween 20 (0.2% vol./vol.) (TBST). The membranes were immersed in blocking buffer and a corresponding IgGconjugated secondary antibody, and incubated for 2 h. The membranes were then washed three times for 5 min using TBST. Proteins were then detected with enhanced chemiluminescence (Thermo Fisher Scientific, Waltham, MA, USA) and autoradiographs were quantified by densitometry (ImageJ).
Statistical analysis All values are expressed as the mean± SEM. The significance between the mean values was evaluated by two-tailed unpaired Student's t test. Significance is indicated as *p<0.05, **p<0.01 and ***p<0.001. Statistical analysis was performed with the statistical software R [31] . (Fig. 1a-d) . Body weight and food intake were similar in both groups. No differences were seen in fasting plasma glucose, insulin and glucagon levels, or in alanine transferase and aspartate transferase plasma concentrations (Table 1) . Surprisingly, epididymal white adipose tissue mass increased by 70% following Trib3 ASO treatment (Table 1) . This was associated with a 25% increase in plasma adiponectin concentrations, but without any differences in plasma leptin concentration (Table 1) .
Results

Trib3
Trib3 ASO increases peripheral insulin sensitivity We quantified the effects of reduced Trib3 expression on hepatic and peripheral insulin sensitivity using euglycaemic-hyperinsulinaemic clamps in awake, unrestrained rats (n=12 per group) [4] . Trib3 ASO did not affect rates of endogenous glucose production either under basal or euglycaemic-hyperinsulinaemic conditions (Fig. 2a, c) . However, under euglycaemic-hyperinsulinaemic conditions, Trib3 ASO did increase the rate of whole-body glucose uptake by 47% (Fig. 2d) . This increase in insulin-stimulated peripheral glucose disposal was largely accounted for by improved skeletal muscle glucose uptake. Peripheral 2-deoxy[ 14 C]glucose uptake was 30% and 40% higher in tibialis anterior and soleus muscle (Fig. 3b, f) Fig. 1a, b) , the increased adipose tissue mass also contributes to the increase in whole-body insulin-stimulated glucose uptake. In addition, Trib3 ASO modestly enhanced the ability of insulin to suppress plasma NEFA concentration (Table 1) .
Trib3 ASO increases PPAR-γ activity in epididymal white adipose tissue To determine the cause of increased adipose tissue mass, we measured expression of Pparg and downstream targets. Pparg expression was increased by 87% in the white adipose tissue of Trib3 ASO-treated animals. Consistent with increased PPAR-γ activity, the expression of downstream genes such as CCAAT/enhancer binding protein alpha (Cebpa), Cd36 and acyl-CoA oxidase (Acox1) [19, 25] was also increased (Fig. 1e) . To assess the specific role of PPAR-γ activation following Trib3 ASO treatment, an additional set of animals was treated with the PPAR-γ antagonist BADGE for the last 8 days of ASO administration [25] . Again, Trib3 ASO significantly decreased Trib3 levels in liver and white adipose tissue. Body weight and food intake remained similar in animals treated with BADGE+Trib3 ASO and BADGE+control ASO. However, BADGE co-treatment prevented the increased expression of Pparg and of its downstream targets, Cebpa, Cd36 and Acox1 (Fig. 1f) . Moreover, in contrast to Trib3 ASO treatment alone, co-treatment with BADGE prevented the expansion of adipose tissue ( Table 1) . The increased insulin sensitivity during the euglycaemichyperinsulinaemic portion of the clamp was also completely abolished after BADGE treatment, with no differences in whole-body glucose disposal or hepatic glucose production ( Fig. 2b-d ).
Trib3 ASO increases HDL-cholesterol Although plasma triacylglycerol and fatty acid concentrations were similar in both groups, we observed a 40% increase in plasma total cholesterol concentration in Trib3 ASO-treated animals ( Table 1 ). This increase was accounted for by a 50% increase in the HDL fraction, as confirmed by FPLC-based size separation of lipoproteins. The increase in plasma HDL-cholesterol was associated with increased levels of sterol regulatory element binding factor 2 (Srebp2) but without any change in scavenger receptor class B, member 1 (Sr-b1 [also known as Scarb1]) or ATP-binding cassette, sub-family A, member 1 (Abca1). Importantly, increased HDL-cholesterol levels were also observed after BADGE treatment, indicating that these effects were independent of PPAR-γ activation (Table 1) .
Insulin signalling TRIB3 has been shown to inhibit activation of AKT and by extension insulin signalling in vitro. Thus, we hypothesised that knockdown of Trib3 would increase AKT2 activity and enhance hepatic insulin action. However, there was no difference in hepatic AKT2 activity in the basal state, or after 20 min or 120 min of insulin stimulation (end of clamp) (Fig. 4a) . Similarly, Trib3 ASO did not alter white adipose tissue AKT phosphorylation or AKT activity despite a significant knockdown of Trib3 (Fig. 4e, ESM Fig. 1c) . We also assessed AKT2 activation by assessing site-specific phosphorylation. There was no difference in AKT phosphorylation on the Thr 308 residue in liver, adipose tissue and muscle after insulin stimulation, and no difference in phosphorylation of Ser 473 residue in liver and white adipose tissue (ESM Fig. 2a, b) . Interestingly, although ASOs do not directly decrease target expression in skeletal muscle, we found a trend towards reduced Trib3 expression in the soleus (40% reduction compared with control ASO, p=0.09) (Fig. 3a) . This was accompanied by a significantly higher glucose uptake in the soleus (Fig. 3b) . Unlike in liver or white adipose tissue, these changes in Trib3 expression were abolished by BADGE treatment (Fig. 3a) . This may be a secondary effect related to improved insulin sensitivity, as insulin itself has been shown to modulate Trib3 expression in vitro [32] . The increases in whole-body insulin-mediated glucose disposal developed without increase of insulin-stimulated AKT2 activity (Fig. 3d) . Again, we confirmed the results of the AKT2 activity assay by examining AKT2 phosphorylation. In the soleus, although there were no differences in phosphorylation at Thr 308, there was a mild decrease in Ser 473 phosphorylation (ESM Fig. 2c ). The increase in plasma adiponectin may also improve insulin action via activation of AMP-activated protein kinase (AMPK) [33] . Despite elevated adiponectin levels, we did not detect a significant increase in AMPK activity in soleus (Fig. 3c) . 
Discussion
Insulin regulates diverse metabolic pathways within the cell via intricate networks of signalling proteins. These networks converge on key focal points, one of which is activation of AKT2 [3] . Recently TRIB3, the mammalian homologue of the Drosophila tribbles, has been identified as a negative regulator of AKT2. Its abundance is increased in rodent models of type 2 diabetes mellitus, as well as with fasting. In both cases, this is associated with decreased AKT2 activation [6, 8-10, 34, 35] . In addition, production of TRIB3 itself may also be induced by insulin and may be the effector of a negative feedback loop [10, 32] . In vitro studies have demonstrated that TRIB3 inhibits AKT2 in HepG2 cells and that adenoviral-mediated increases in hepatic Trib3 expression in normal mice impair glucose disposal [6] . However, genetic deletion of Trib3 in mice failed to alter glucose metabolism or AKT activation following insulin stimulation [17] , casting doubt on the physiological relationship between TRIB3 and AKT. In addition, TRIB3 has been shown to partner with other proteins, notably PPAR-γ and CEBPB [32] . We sought to understand the physiological role of TRIB3 in vivo, as a potential regulator of insulin action and glucose metabolism, using specific ASOs to knockdown Trib3 in rats.
Accordingly, we hypothesised that knockdown of Trib3 would enhance AKT2 activation and improve hepatic insulin sensitivity in a rat model of insulin resistance. Although ASO treatment effectively and selectively reduced hepatic Trib3 expression by 70%, there was, surprisingly, no effect on basal and insulin-mediated activation of AKT2 in the liver, either at 20 min following insulin stimulation or at the end of a 120 min euglycaemichyperinsulinaemic clamp. Consistent with this, no difference was observed in hepatic insulin sensitivity. In white adipose tissue, Trib3 expression was similarly decreased, but, again, no differences were observed in glucose uptake or in the degree of AKT phosphorylation in the basal state or after insulin stimulation (Fig. 4e) . Furthermore, analysis of the phosphorylation state of the Thr 308 residue, which is essential for AKT activation [36] , and of the Ser 473 residue, which is required for maximal stimulation of AKT, revealed no difference in liver and white adipose tissue. Consistent with this observation, AKT2 activation was not altered in Trib3 −/− mice studied under normal chow conditions [17] . Thus, while it remains possible that Trib3 overexpression may inhibit AKT2 activation, the inverse may not be true. Specifically, inhibition of TRIB3 does not enhance AKT2 activity. Instead, we propose, that the improvements in insulin action following knockdown of Trib3 are primarily a function of augmented PPAR-γ activity in the adipose tissues. The transcriptional control of adipogenesis requires careful orchestration of multiple regulatory proteins. Early adipogenesis is characterised by increased abundance of CEBPB and CEBPD. These proteins are thought to set the stage for the later stages of adipogenesis, which require the increased levels of CEBPA and PPAR-γ [37] . These proteins increase each other's production and bind to a remarkably similar number of target genes [38] . Previous in vitro studies in 3T3-L1 pre-adipocytes demonstrated a role for TRIB3 in adipogenesis [19, 39] . Overproduction of TRIB3 in 3T3-L1 cells may impair the early steps of adipogenesis. Here, TRIB3 is thought to inhibit CEBPB transcription by preventing its phosphorylation by extracellular signal-regulated kinases 1 and 2, as well as by directly interfering with its ability to bind DNA. This, in turn, inhibits its ability to increase production of PPAR-γ2. Takahashi et al. explored the role of TRIB3 late in the differentiation of 3T3-L1 cells [19] . They report that TRIB3 directly binds to and inhibits PPAR-γ in 3T3-L1 preadipocytes, leading to decreased production of PPAR-γ and CEBPA, and key target genes, and ultimately impairing adipocyte differentiation. In those studies, CEBPB production was not altered at any time point. Thus, it is possible that TRIB3 may have different inhibitory roles throughout adipogenesis. In the early stages, it may impair CEBPB activity and in the later stages PPAR-γ.
In the present study we found that ASO-mediated decrease of Trib3 augmented PPAR-γ activity in vivo, leading to improvements in insulin sensitivity, increased fat mass and increased expression of genes downstream of PPAR-γ such as Acox1, Cd36 and Cebpa. We found that increased PPAR-γ activity was associated with increased Pparg expression. It is likely that this represents a feedforward activation of PPAR-γ by itself, which has previously been shown to be dependent on increased levels of CEBPA [40] . Although insulin-stimulated white adipose tissue 2-deoxyglucose uptake was not increased, there was a modest but significantly greater suppression of NEFA after insulin stimulation, which suggests an improved adipocyte insulin response (Table 1) [41] . Additionally, plasma adiponectin levels were modestly increased with Trib3 ASO. Adiponectin has been reported to improve muscle insulin sensitivity via an AMPKmediated mechanism [42] . However, in the present study, there were no significant increases in skeletal muscle AMPK activity.
To determine whether the increases in adiposity and improvements in insulin action were due to activation of PPAR-γ, we treated a separate cohort of Trib3 ASO-treated rats with the PPAR-γ antagonist BADGE. BADGE is a PPAR-γ ligand that antagonises PPAR-γ activation without affecting PPAR-α or PPAR-δ activation [43] . The combination of Trib3 ASO and BADGE prevented the expansion of fat mass, the increased production of PPAR-γ and its target genes, Acox1, Cd36 and Cebpa, and the increase in plasma adiponectin. Importantly, BADGE also prevented the improvements in insulin sensitivity with Trib3 ASO treatment. These data suggest that the improvements in insulin action observed with Trib3 knockdown are largely attributable to activation of PPAR-γ.
In addition to the changes in insulin sensitivity, we also found that Trib3 ASO treatment increased the plasma HDLcholesterol concentration. This was not affected by BADGE co-treatment, suggesting that it was independent of the activation of PPAR-γ. The mechanism for this increase is unclear. We excluded altered levels of Sr-b1 and Abca1 as explanations for the increase in HDL. It is possible that Trib3 ASO leads to increased reverse cholesterol transport though additional studies are required to confirm this. Nonetheless, these favourable changes in lipids persisted with BADGE co-treatment, suggesting that TRIB3 regulates HDL in a manner independent of PPAR-γ.
In summary, these studies provide novel insights into the physiological role of TRIB3 in vivo and its potential as a therapeutic target. Knockdown of Trib3 clearly improved insulin-stimulated peripheral glucose disposal in insulinresistant rats. However, these improvements occurred without increased activation of AKT2. Instead, these improvements in insulin sensitivity are largely attributable to activation of PPAR-γ with resultant changes in adipogenesis. Additionally, Trib3 ASO increased plasma HDLcholesterol, independently of PPAR-γ activation. The improvements in insulin action and lipid profile suggest that TRIB3 may be a potential therapeutic target for treating not only the insulin resistance, but also the dyslipidaemia associated with type 2 diabetes mellitus.
